Carbon metabolism limits recombinant protein production in Pichia pastoris.
The yeast Pichia pastoris enables efficient (high titer) recombinant protein production. As the molecular tools required are well established and gene specific optimizations of transcription and translation are becoming available, metabolism moves into focus as possible limiting factor of recombinant protein production in P. pastoris. To investigate the impact of recombinant protein production on metabolism systematically, we constructed strains that produced the model protein β-aminopeptidase BapA of Sphingosinicella xenopeptidilytica at different production yields. The impact of low to high BapA production on cell physiology was quantified. The data suggest that P. pastoris compensates for the additional resources required for recombinant protein synthesis by reducing by-product formation and by increasing energy generation via the TCA cycle. Notably, the activity of the TCA cycle was constant with a rate of 2.1 ± 0.1 mmol g CDW-1 h(-1) irrespective of significantly reduced growth rates in high BapA producing strains, suggesting an upper limit of TCA cycle activity. The reduced growth rate could partially be restored by providing all 20 proteinogenic amino acids in the fermentation medium. Under these conditions, the rate of BapA synthesis increased twofold. The successful supplementation of the growth medium by amino acids to unburden cellular metabolism during recombinant protein production suggests that the metabolic network is a valid target for future optimization of protein production by P. pastoris.